Keywords: Polychlorinated biphenyls, PCB, half-life, serum PCB Highlights 1. This is the largest and longest studied cohort of workers exposed to PCBs for whom serum values are available 2. We present PCB half-life estimates using sera from four time points 3. PCB half-life estimates are for two commercial PCB mixtures (Aroclor 1254 and 1242) 4. Two serum PCB elimination rates were discovered (rapid and then slow) 5. Gender differences were observed only for Aroclor 1242 in earlier years. Polychlorinated biphenyls (PCBs) are carcinogenic. Estimating PCB half-life in the body based 8 on levels in sera from exposed workers is complicated by the fact that occupational exposure to 9
Introduction 26
Many electrical equipment manufacturing workers in the United States were exposed to 27 polychlorinated biphenyls (PCBs) The PCB body burden (dose levels) over time depends upon toxicokinetics, which includes 34 elimination half-lives (Shirai and Kissel, 1996) . Intrinsic human elimination half-lives for PCBs 35
were 10-15 years in a recent study (Ritter et were adjusted for PCB background levels (Hopf et al 2009) . This is the only study that 45 incorporates four PCB blood measurements over time, allowing us to explore PCB elimination 46 rates. 47 48 49 5 2.0 Background 50 Shirai and Kissel (1996) reviewed fourteen studies of humans with occupational, accidental, or 51 experimental exposure to PCBs and concluded that very short (i.e., < 1 year) and very long (i.e, 52 > 10 years) half-lives were probably unlikely. The exponential decay model, assuming first-53 order kinetics, is given by 54 X(t) = X(t 0 ) e -λ(t-t 0 ) 55 where X(t) is the concentration in the compartment at time t, X(t 0 ) is the unknown initial 56 concentration at time t 0 , and λ is the elimination constant which has units of time -1 . The half-life, 57 t 1/2 , is defined as the length of time after which the initial concentration of the chemical is 58
reduced by half, and is equal to the natural logarithm of 2 divided by the elimination constant, or 59 t 1/2 = ln(2) / λ (Cassarett and Doull, 1986). 60
61
In a controlled pharmacokinetic study, the initial concentration of a chemical in a compartment is 62 known and subsequent concentrations are measured at specific time points. In occupational 63 studies, the initial concentration of a chemical in a compartment after first exposure is usually 64 unknown. Also, exposure typically is chronic, not acute, occurring at different rates over 65 different periods of time. However, measurements taken after exposure is known to have ceased 66 can be used to estimate the half-life for elimination of the chemical from the sera compartment. 67
68
Estimating the half-life of PCBs in the body using sera from exposed workers is complicated; 69 occupational exposure to PCBs was generally to commercial PCB products comprised of varying 70 mixtures of some of the 209 PCB congeners. Different methods exist for quantifying the level of 71 PCBs in sera (Lawton et al., 1985a) . Ideally, congener-specific serum PCB levels would be 72 measured. However, in the past, results were typically either quantified using an "Aroclor 73 standard" by summing the heights of selected peaks on the gas chromatogram (GC) which 74 correlated with hallmark peaks in a specific Aroclor, or quantified as lower-or higher-75 chlorinated PCBs (LPCBs or HPCBs) based on the sum of the GC peaks that occurred before or 76 after the retention time of p,p'-dichlorodiphenyldichloroethylene (DDE), universally detected in 77 sera from people in the industrialized world. The two methods of quantifying PCBs in sera are 78 related, with 93% of Aroclor 1242 being LPCBs and 96% of Aroclor 1260 being HPCBs 79 (Lawton et al., 1985b) . The range of chlorination of the Aroclors in sera was determined to be 80
Aroclor 1016: 2-5 chlorines, Aroclor 1242: 2-6 chlorines, Aroclor 1254: 4-7 chlorines, and 81
Aroclor 1260: 4-8 chlorines (Lawton et al., 1985b) . 82
83
In addition to degree of chlorination, several other factors are considered to be related to the half-84 life of PCBs in humans. Wolff et al. (1992) found PCBs in serum from workers (N=60) in jobs 85 with high and direct PCB exposure had shorter half-lives for lower chlorinated PCBs than PCBs 86 in serum from workers (N=105) in jobs with low and indirect PCB exposure (4.8 versus 17 87 years, respectively). A follow-up study of some of these workers (N=45) 28 years later (Seegal 88 et al., 2011) , showed somewhat longer half-lives than Wolff et al. (1992) had, but showed the 89 same trend with respect to high initial PCB body burden: half-life estimates for lower chlorinated 90 PCBs were 13.5 and 7.3 years and for higher chlorinated PCBs were 32.6 and 12 years for low 91 and high exposed workers, respectively. Factors complicating the estimation of PCB half-life 92 include percent body fat, laboratory measurement error (Caudill et al., 1992) , the time interval 93 between measurements (Caudill et al., 1992 ), and continuing low-level exposure to PCBs (Shirai 94 and Kissel, 1996) , such as background levels of exposure (Michalek et al., 1998 Shirai and Kissel (1996) 109 showed that this was likely due to confounding by continuing exposure to PCBs. Table 1 gives 110 an overview of previous half-life estimates from US occupational exposed populations and type 111 of statistical methods used to derive these half-lives. Table 2 . Measured serum PCB levels were highly variable within a given year. The 213 difference between corrected and uncorrected serum PCB levels was minimal in earlier years due 214 to the high serum PCB levels (e.g. 1976: GM was 1,521 ppb) compared to the value used to 215 adjust for background levels. PCB 123, PCB 156, PCB 157, PCB 167, PCB 89) are tetra-, penta-, and hexa-chlorinated 296 congeners. A complete PCB congener distribution of Aroclor mixtures has been published 297 (Frame et al 1996) , and the weight% of DL-PCB congeners for Aroclor 1016, Aroclor 1242, and 298
Aroclor 1254 were 0%, 1.95%, and 23.58%, respectively. Therefore workers in the early time 299 period exposed to Aroclor 1254 (before the 1960s) had higher DL-PCB exposures compared to 300 
